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接着，研究 EHPCS 的低温热交联和高温裂解陶瓷化。结果表明，EHPCS 显
著改善了热交联性能，热交联主要机理为-C CH 自由基加成反应、Si-H 去氢偶
合反应和 Si-H 加成反应。结果还表明，引入-C CH 可提高陶瓷产率（达到










































Modification and Ceramics Conversion of Highly Branched 
Liquid Polycarbosilanes 
Abstract 
Silicon carbide (SiC) is considered as one of the most brilliant materials applied in 
aviation and aerospace in twenty-one century due to its desirable physical and 
mechanical properties. Polycarbosilanes (PCS) as precursors with –Six-Cy- structure 
are widely used to prepare SiC ceramics. Among them, the liquid PCS has special 
advantages to be the precursor of SiC materials, especially as the precursor of matrix 
material in the preparation of SiC fiber reinforced SiC ceramic composites by 
polymer impregnation pyrolysis (PIP) method. 
In this thesis, we focused on the modification of the highly branched liquid PCS 
as well as its polymer-to-ceramic conversion. In order to gain more predominant 
performance precursors, the modification of liquid PCS was carried out by 
introducing highly reactive functional group or the boron element into the PCS 
backbone, and the ceramic conversion of the re-synthesized PCS were investigated. 
The structure and composition of the resultant PCS were characterized by using IR, 
NMR, GPC, and FT-IR and elemental analysis. The polymer-to-ceramic conversion 
was also studied by using TGA, DSC, CP/MAS NMR, and XRD. 
Firstly, in order to increase the ceramic yield and obtain the stoichiometric SiC 
ceramic, a partially ethynyl-substituted liquid PCS (ethynylhydridopolycarbosilane, 
EHPCS) was successfully prepared by the one-pot synthesis with 
(chloromethyl)methyldichlorosilane, (chloromethyl)trichlorosilane and ethynyl- 
magnesium bromide as starting materials. It shows that the more (chloromethyl) 
trichlorosilane in feed leads to the higher polymerization yield, the higher Si-H 
content, and the larger molecular weight. In addition, the degree of the side reaction of 
THF cleavage was affected by the ratio of chlorosilanes. It also indicates that the more 
ethynylmagnesium bromide in feed results in the higher polymerization yield, the 
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and Si-H in the product. However, the THF side reaction was little influenced by the 
ratio of ethynylmagnesium bromide in feed. 
Secondly, the low-temperature-heat crosslinking and the subsequent 
high-temperature-pyrolysis ceramic conversion of the EHPCS were investigated.  
The result shows that the EHPCS improves the crosslinking behavior remarkably and 
the crosslinking mechanism involves the ethynyl radical polymerization, 
hydrosilylation and dehydrocoupling reactions. The result also shows that the EHPCS 
is the more promising ceramic precursor due to that the introducing of the ethynyl 
group can boost the ceramic yield (up to 78wt%) and gain the stoichiometric SiC 
ceramic (C/Si=1.05) .  
Furthermore, we prepared the PCS modified by boron via the copolymerization 
of (chloromethyl)methyldichlorosilane, (chloromethyl)trichlorosilane and 
trichloroboron for the first time. The result shows that boron was successfully 
introduced into the PCS segment by Grignard coupling reaction. Meanwhile, the 
boron element uniformly disperses in the PCS in molecular scale. The result also 
indicates that the more trichloroboron in feed leads to the lower content of Si-H and 
the higher content of oxygen that might be induced by the promotion of the THF side 
reaction. 
Finally, we prepared the boron-modified PCS for SiBC and SiBCN precursors 
via the hydroboration reaction of EHPCS (or AHPCS) and borane (or borazine). The 
re-synthesized PCS shows excellent fluidity at ambient temperature. The result also 
suggests that the introduction of boron improves the 
low-temperature-heat-crosslinking of the PCS precursor and heightens the 
high-tempertue-resisit-oxidation capability of the SiC-based ceramic composites. 
 




























Chemical Vapor Deposition）法、化学气相渗透（CVI，Chemical Vapor Infiltration）












































PCS 是主链由 Si-C-Si 键构成的有机硅聚合物，还有 Si-H 及少量 Si-O 等结
构单元。分子结构中的反应活性官能团如 Si-H 等，易和其他物质发生化学反应，
如在空气中易和氧发生交联反应。 
通常数均分子量小于 1000 的 PCS 为黄色透明粘液状物质，分子量大于 1000
的为黄色透明无定形脆性物质，可溶于正己烷、二甲苯、甲苯、四氢呋喃、氯仿、
氯苯、乙醚、醋酸甲酯、乙腈、二硫化碳等有机溶剂中[12]。 
PCS 重要的特性，就是在非氧化性气氛中或者在真空中烧到 850°C 以上可
转变为 SiC。在烧成过程中首先发生交联反应，形成空间网状结构，随后高温裂
解逐渐脱去侧链上氢、甲基等有机基团，经历有机-无机化转变以及陶瓷晶体结
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